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THE BULK METHOD - COARE-3 ALGORITHM

Pawlowicz et al., 2001, EOS, 82 (1) January, 2.

MEASUREMENT SET
S true wind speed
T a air temperature
T_skin sea (skin) temp

q_w (RH) absolute humidity

P s.l. pressure
LW_d Longwave down
SW_d Shortwave down
R rain rate

ESTIMATED FLUXES

R_N
H_L
H_S
HR

Net irradiance
Latent heat flux
Sensible heat flux

Rain Heat Flux

INTERMEDIATE VARIABLES \

SW u
LW u

Albedo

Emitted irradiance

GOAL: Net Flux Accuracy < 10 W/m*2

Q tot
NET FLUX
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ACCURACIES NEEDED

MEASUREMENT ACCY UNITS
WIND SPEED 0.2 m/s
WIND DIRECTION 3 deg
CURRENT SPEED 0.2 m/s
CURRENT DIRECTION 3 deg
AIR TEMPERATURE 0.2 C
OCEAN SURFACE TEMPERATURE 0.1 C
RELATIVE HUMIDITY 2 %
PRECIPITATION 0.4 mm/day
SHORTWAVE DOWN IRRADIANCE 3 W/m”2
LONGWAVE DOWN IRRADIANCE S W/m”"2
BAROMETRIC PRESSURE 0.1 mbar
PITCH/ROLL 1 deg
PITCH/ROLL STD DEVIATION 1 deg
LAT/LON 0.001 deg
COURSE OVER GROUND 2 deg
SPEED OVER GROUND 0.2 m/s
HEADING 2 deg
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WX1, WX2 = Vaisala WXT520 (ws,wd ta,rh,bp,ri) T/RH = Vaisala HMP155, ASP = Aspirator
RG = Young 50203 Siphon Rain Gauge ORG = OS] Optical Rain Gauge
VWM = Young 05106 Wind Monitor

metboom
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ISAR

IRIDIUM SBD RAIN DET ISAR GPS

INFRARED SEASURFACE TEMPERATURE AUTONOMOUS RADIOMETER
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Ship radiometers ISARs

AND17, FROM 2012-03-20 (080) 16:10:00.0 TO 2012-05-14 (135) 13:20:00.C 084 an
)
) ‘1}4 :{.o'B' 4z 105 120 1027123 25
= = b - 20
15
150°E 180°wW 150°W 120°wW 20°wW 10
M/V Andromeda
Leader
magic04, FROM 2012-10-20 (294) 00:20:00.0 TO 2012-11-01 (306) 13:10:00.0
3' 27
33°N 205
I
30°N - 2
270NI = < = I 21
24°N s ,wﬁvf"ﬁw‘: 18
A
21°N “‘g
153°W 144°W 135°W 126°W 117°W 15
M/V Horizon Spirit
ISARs are autonomous filter radiometers - et e e ot s i
with two internal blackbody calibration o | _ |
targets. o = o 4 SE s WE o

Pre- & post-deployment lab calibration
against NIST-traceable calibrators.
Data relayed in real-time by Iridium.

2/15/13

Mon 2013 03 18

S/ E  om/ae/ S OB/a0/1 B OA/EBAE  Oh/ae/ s wSgmes= o FrmmAE  OB/ar/A e owe/ae s Ao/sesi=

Mean 0.029K, st dev = 0.416K, n = 267



DATA COLLECTION

WM T/RH RG PSP PIR SPN
ADC ORG . RAD ADC
N ISAR
wXx1 ) FRSR
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TCM
GPS TCM GPS GPS TCM

RAW -1 SEC 600 MB/Leg
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DATA PROCESSING

AVG/RAW

DATA REVIEW PDF
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PSYCHROMETER COMPARISON
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TOGA-COARE BULK FLUX

Red = -158.6 [241.0] albedo = 128 [16.5] Magic06 JD324 Rsnet = -145.8 [227.2] Rinet =81.8 [17.4]
Rid = -346.9 [10.9) Rlu =417.8 [3.1) 20121119,000000 to 20121119,230000 HI=1048 [31.5] Hs=7.3[4.5]
Ta=198[0.2) Ts =209 [0.5) Hiwebb = -2.2 (0.7
th =69 [3.9) Qtotal = 45.7 [190.1)
wind speed = 6 [0.9]
600 SW down(red) up(blue) . 500 SWNET
400
Oy w—® * -
200} : 1 I I I I I I
. . 500 i
0Lt ettt % * & *
440
LW down(red) up(blue) LW NET
42\'). J R T I R P 100 I I I I I
o Jriniibentennennntl
380 .
380 . .. L e " e -100
22-  Temperature Air(red) Skin(blue) . o 1 .o SENSIBLE I I I I
° - - . - b -
2’ A T OI-IIIIIIII.IIII IIII |
20s * : S T . « o * ° * 1
) e . -10
19
100
Humidity % LATENT
50 100
o peehiinnnnnl
1 * - . - - - . OI
70 . o0t Coe L . o
60 et g -100
50
. Wind Speed (red), current (blue) ' ' . M 0T yoral '
6 .t ' .. . e ' 200

J Cannbibnntnnntl,

' I I
2 -200 I | I 1
18 21

0 - P . . . P— L S — . - - . B - . . . 400

3 8 9 12 15 18 21 0 3 6 9 12 15

REMOTE MEASUREMENT
HoRESEARCH COMPANY

ASR SCIENCE MEETING 2013. MAGIC SESSION. AIR-SEA FLUXES
R. Michael Reynolds www.rmrco.com/docs/asr2013

Mon 2013 03 18


http://www.rmrco.com/docs/asr2013
http://www.rmrco.com/docs/asr2013

450
400
350
300

§ 250

]

E 200
150
100

50

180ﬁ

160 -

140~

120 -

SW FLUX

40~

20

LEG 8 DAILY AVERAGES

Rlu (red), Rid (blue), Rinet (black)

LW |

25

26

Rsu (red), Rsd (blue), Rsnet (black)

27 30 31 32 33

28 29
LATITUDE

* @

® 1
* o

* @
e
* @
* @

SW

26

27 30 31 32 33

28 29
LATITUDE

FLUX

FLUX

Sensible (red), Latent (blue)
T T T T

350

300~ @

250

200

150 -

100 -

50~

26 27 30 31 32

28 29
LATITUDE

Total (red)

300

200 -

150 -

100 - ®

25

26 27 28 29 30 31 32
LATITUDE

33

Mon 2013 03 18

ASR SCIENCE MEETING 2013. MAGIC SESSION. AIR-SEA FLUXES
R. Michael Reynolds www.rmrco.com/docs/asr2013

REMOTE MEASUREMENT
HoRESEARCH COMPANY

15


http://www.rmrco.com/docs/asr2013
http://www.rmrco.com/docs/asr2013

Data Review PDF:
http://www.rmrco.com/docs/ml1226_magic06_datareview.pdf

A Guide to Making Climate Quality Meteorological and Flux Measurements at
Sea (2000) F. Bradley & C. Fairall, NOAA TM OAR PSD-311 (avail on rmrco.com)
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